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CALFED
CATEGORY III

EXECUTIVE SUMMARY

Project Title: Sacramento River Small Diversion Fish Screen Program Evaluation Component
Applicant: Family Water Alliance

P.O. Box 365
Maxwell, CA 95955

Project Description and Primary Biological Objectives:
The Small Diversion Fish Screen Program is an on-going program to screen small agricultural
diversions n the Sacramento River. The Small Diversion Fish Screen Program screens agricultural
diversions that average 40efs, or less. The CalFed EEP, P has identified water diversions as one of
the main stressors to the anadromous fish populations in the Sacramento River. The Small Diversion
Screen Program focuses on the recovery of the winter, spring, fall and late-tall mn chinook salmon,
as well as steelhead trout. There are hundreds of small agricultural diversions along the Sacramento
River in northern California which are considered to have a cumulative impact on the shrinking
populations of salmon. CalFed, NMFS, CDF&G, NRCS, and FWA have joined in an effort to
address this aspect of fisheries restoration. This proposal will enhance the existing Small Diversion
Fish Screen Program by adding a operational monitoring component that will ensure the mechanical,
and hydraulic performance of these small screens.

Approach/Tasks/Schedules:
The current screening program is a cooperative project with private landowners along the
Sacramento River mninstem, Family Water Alliance, and State and Federal agencies. A total of
twenty-four small screens have either been placed, or have funding secured for their placement over
the next three years. Once a year a diving team (two) with a knowledge of hydraulic measurement
and mechanics will dive the screen installations to determine the mechanical and hydraulio aptitude of
the installed positive fish barriers. The information gathered will be forwarded to interested ¯
agencies, and adaptive management technics (screen modifications) will be applied as necessary.
This monitoring program will last for three years.

Justification for Project and Funding by CALFED:
Positive fish barriers applied to small diversions is a relatively new approach to fish protection. It is important
to protect the taxpayers investment in fisheries restoration. Monitoring will assure that the screens are
working to the specifications of the National Marine Fisheries Service, and the California Department offish
& Game. Information gathered over the three year time frame will allow for defining approaches that are
working, correcting current flaws in the design of small screens, and the application of this information to
future fish screen installation.

Budget Costs and Third Party Impacts:
Family Water Alliance is asking for $285,697.98 to fund a three year monitoring project. The total
yearly costs will be predicated on the number of installations in the previous year. CalFed will fund
the entire cost of the monitor component, while funding for the screening component will come from
multiple sources including, but not limited to: National Fish and Wildlife Foundation ($214,535),
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California Department offish & G-~me ($169,900), CalFed ($900,000), FishAmerica ($10,000), and
Mm-y A. Crocker Trust ($10,000). The diversion owners will contribute to the installation, and bear
the entire cost of continued operation and maintenance. The expected third party impacts of this
program component will be positive. The monitoring of screens will assure that taxpayer
investments in fish restoration is secure, and viable; while insure the farmers that th~ will receive
water and continue to support this program. The increase in fish population will incrense sport
fishing opportunities, and benefit the general public by helping to assure a healthy, balanced river
system.

Applicant Qualifications:
Family Water Alliance recently facilitated the installation of screens on four diversions (five pumps)
in the Sacramento River. FWA’s strength lies in our ability to assemble teams of qualified personnel,
and coordinate the activities that keep projects moving forward. We have assembled a team of
qualified personnel to structure and perform a monitoring component that will increase the data
available to make educated decisions about future installations of positive fish barriers in the
Sacramento River. This team includes: Davis Machine Shop, Inc., active in pump installation for
over forty years, and currently participating in the installation offish screens; North American Diving
Company, active divers in the Sacramento River for over twenty years, and over twenty years
experience in electrical and machine technology; farmers; National Marine Fisheries; Natural
Resource Conservation Service; and the Department offish and Game.

Monitoring and Data Evaluation:
Information gathered during these monitoring sessions will be made available to vested agencies and
landowners for evaluation. Yearly reports will be submitted to CalFed detailing the findings of the
monitoring team. Suggested screen modification will be made with the cooperation, and consent of
the landowner, NMFS, and CDF&G.

Local support/Coordination with other Programs/Compatibility with CALFED objectives:
The Sacramento River Small Diversion Fish Screen Program is supported by, and coordinated
between multiple agencies, and currently has more willing participants than available funding. The
addition of the monitoring component is supported by multiple agencies and landowners including
but not limited to: Natural Resource Conservation Service, California Department offish and
Game, and National Marine Fisheries Service.

This proposal meets CALFED objectives in that it:
1 .) Allows for operational research to improve fish screen design and efficiency an approach
currently supported by CalFed EERP, Vision for Reducing or Eliminating Stressor, Volume 1, page
277.
2.) Fo~ses on high risk species.
3.) Assures the mechanical performance of fish screen installations, and works toward developing a

database for pfiofitizing future screen installations.
4.) Supports CalFed’s Adaptive Management Philosophy.
5.) Consistant with indentified stressor reduction, and priority species protection project funding.

2

I --008245
1-008245



SACRAMENTO RIVER SMALL DIVERSION FISH SCREEN PROGRAM
EVALUATION COMPONENT

Applicant: Family Water Alliance
37 Oak Street
Max-well, CA 95955

Type of Organization: 501(C)3 Educational Organization

Tax Identification Number: 68-0262939

Technical and Financial Contact Person:
Susan A. Sutton, Project Manager
Rita M. Trainer, Project Coordinator
P.O. Box 365
37 Oak Street
Maxwell, CA 95955
Phone: (530) 438-2026
Fax: (530) 438-2940
E-mall: fwa@mako.com

Participants/Collaborators in Implementation:
Water diversion owners and operators

Natural R.esource Conservation Service
National Marine Fisheries Servica

California Department ofFish and Game
Davis Machine Shop, Inc.

North American Diving Company
Family Water Alliance

Project Type: Small Screen Evaluation
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Project Description and Approach:
The Small Diversion Fish Screen Program began in the fail of 1997; however, the installation of
positive fish barriers has been the only approved method of fisheries enhancement, and a number of
screens have been installed thoughout northern California, and into the Delta. To date a
comprehensive monitoring program is not available. The monitoring that has been done is
piecemeal, therefore unreliable as far as long-term, or relevant operational data. This project will
allow for the development of information base on consistant variables.

This small screen monitoring component will enhance the existing small screen program in two
separate areas. The monitoring to assure the mechanical performance will be performed once a year
during the early spring. A boat along with a team of divers, and technical support personnel will
travel to each screen location, and make a underwater inspection. The divers will have a background
in machine technology, and electrical design. This inspection will cover: the condition of the
screening material checking for damage or dents, assure that the cleaning mechanism is working
properly, and measure algae growth.

The second component will monitor flow velocity, and relevant hydraulic conditions. This
monitoring will also be performed once a year. The latest hydraulic measuring devices such as, the
SonTek ADV (see attached) will be used by trained personnel. This will assure that the current
design specifications are adequate for the protection of fish, and allow for practical research to help
improve current screen designs to increase efficiency and affordability.

We are proposing a cooperative program involving agency personnel from the existing program, in
particular, the National Marine Fisheries Service (NMFS), the California Department offish &
Game (CDF&G), Natural Resource Conservation Service (NI~CS), and private entities:

Proposed Scope of Work:
The monitoring will be scheduled in the early part of the spring, between March and June before or
during the beginning stages of the irrigation season. Exact timing will depend on water levels and
weather conditions. A boat will be dispatched with the aforementioned team to assess the screens
that have been previously installed through the Small Diversion Fish Screening Program. The first
year will entail the monitoring of nine screens. The implementation of Phase III, and the NRCS
Small Screen Program will determine the exact number of screens that will require monitoring. It is
expected by the third and flnai year there will be approximately twenty four screens in need of
mechanical and hydraulic monitoring. There will be detailed reports generated from thnse divvs
supplied to CalFed, interested agencies, and the landowners. Any mechanical malfunctions detected
will be corrected by either the screen manufacturers, or the screen owners.

The second task will involve measuring the uniform velocity of the screens to ensure that the screens
are performing to the criteria as set out by NIVIFS, and CDF&G. Preventing entrainment is the
primary function of the screen, yet it is equally as important to ensure that the screens are not
causing impingement offish. The first phase of screen installations took advantage of off-the-shall
manufacturing designs. It is generally accepted that these screens will perform as expected;
however, these are hydro-mechanical devices with little practical experience in the conditions that are
unique to the Sacramento 1Uver. These dives will help to ensure that this relatively new technology,
and approach to protecting chinook salmon in the Sacramento Kiver will be effective. It will also
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provide a valuable learning tool for the engineering, and biological staffs within NMFS, NI~CS, and
CDF&G by providing relevant, performance-tested data.

The monitoring will be performed over a three year period. The first year up to nine installations will
be assessed with the cooperation of NMFS Fish Passage Team. Technical support and peer review
will be provided by NgCS Engineers and Biologists, CDF&G Fish Screen Specialists, and diversion
owner/operators. The appropriate information will be developed based on the unanswered questions
that have been gathered since the installation of screens began. This will create a foundation for the
development of a data base that will prove most valuable to the improvement of the program.
During the second and third year it is expected that monitoring will be performed on up to fourteen
installations, and up to ~wenty-four installations, consecutively.

Location and/or Geographic Boundaries of the Project:
The initial stage of the project will focus on installations in Colusa and Sutter counties. The
remaining stages will be determined by the location of future installation. The Small Diversion
Screen Program is expected to cover Glenn, Colusa, SuRer, Yuha, Yolo, and Sacramento counties,
depending on participation in these counties.

Expected Benefits:
The Small Diversion Screening Program is expected to assist in the restoration of anadromous fish
populations, especially the winter, spring and late-fall runs of chinook salmon. This monitoring
program will enhance the existing program by assuring the correct operation of the screens,
consistant with current screening criteria. With the data that is acquired f~om this monitoring it is
expected that engineers, and screen manufactures will be able to move towards designing a more
efficient and economical screen. Although there have been some improvements in methods other
than screening for fisheries protection, i.e. sonic and light or electrical barriers, the practical
application of these methods has been met with s~epticism by biologists, and fishery agencies. To
date the positive fish barrier is the on~y approved method of fisheries protection. Refinement of the
positive fish barrier to improve reliability, increase efficiency and lower the over all costs of these
devices will benefit restoration goals, taxpayers, and the screen operators.

Background and Ecological/Biological/Technical Justification:
The Sacramento River is unique because it supports four runs of chinook salmon. The CaWed EERP
identifies diversions as a major stressor to fish populations (154). The elimination of unscreened
diversions is part of the strategic plan to restore winter-run chinook to the point where it c~m be
removed from the endangered species list (151), and restore the Sacramento fall-run chinook, spring-
run chinook, and late-fall run chinook to support sustainable sport and commerciai fisheries (153),
and continue research on fish screening and related facilities design and operations (277).

In the fall of 1997, Family Water Alliance assisted in the installation of four small diversion fish
screens with the cooperation of Farm Services Agency, Natural Resource Conservation Service,
California Department offish and Game, US Fish and Wildlife Service, National Marine Fisheries
Service, and National Fish and Wildlife Foundation. To date over $111,000 has been invested in the
screening of smail diversions, and this program will continue with the installation of up to five
screens in 1998, and FWA is currently working on the funding for screen installations in 1999. In
addition, FWA will be an active participant in the NKCS small diversion screening program funded
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by CalFed, and continuing for up to three years. The aforementioned participants are expected to
continue their existing roles in the program, and FWA continues to seek new participants in the
program.

The CalFed EERP stresses that cooperative efforts, and integration of existing restoration programs
are key components in the success of restoration activities (152, 276). The Small Diversion Fish
Screening Program along with the integration of this monitoring component is in line with the CalFed
philosophy. To further enhance the screening program, FWA is in the process of developing a team
to begin biological monitoring to assist in the development of a system of prioritization for further
screening, and will be seeking funding to implement this phase, either through private, or government
sources.

In the spring of 1998, Family Water Alliance received a call from a landowner that had participated
in the fall screening program. The screen was malfunctioning, and was affecting his water delivery.
He explained that he would need to begin irrigation soon to ensure the survival of his newly planted
crop. A start-up check on the screen of a second participant reveal another mechanical error.
Fortunately, FWA was able to secure a diving team from NM~S who came immediately, and found a
malfunction in the screen cleaning mechanism. The first mechanical problem was small (an
overloaded silt filter), and was corrected that day. The second screen will be repaired as soon as the
water levels, and river turbidity drop sufficiently to allow a dive team into the river to complete
repairs.

This experience demonstrates the necessity of a operational monitoring plan. A screen that is
malfunctioning will not protect fish, nor will it generate support for a voluntary screening program.
Word of mouth spreads quickly in the farming community, and we have already had one farmer drop
out of the program until he is satisfied that a screen can be developed that will be reliable under
Sacramento River conditions.

In recent years farmers have become very interested in supporting a voluntary effort to protect
salmon populations in the Sacramento River. These small family farmers have agreed to put out
initial investments in the installation offish screens that can amount to as much as twenty thousand
dollars in personal funds. On top of their initial investment, they agree to bear the added costs for
yearly operation of their pump, which is esthnated at a minimum of an addition 10% per year, and
they agree to keep the screens mechanically sound for the life of the screen (10 years). Yearly river
diving is beyond the scope of normal maintenance for farmers. This technology is still relatively new
in its application in the Sacramento River. Because positive fish barriers still need refinement it is
unreasonable to ask landowners to go beyond the commitment that they have already invested in this
program. To allow for this, or any fish screening program to go forward on a voluntary basis it is
imperative that cooperation continue to be prevailing ideology.

Monitoring and Data Evaluation:
The results of the information gathered at the dive sites will be disseminated to all interested
agencies, to the screen operators, and the screen manufactures. The information will then be
used to make design improvements, assess the relevant application of screens in the Sacramento
River, allow for the examination of screening criteria, and address some of the issues and questions
that have arisen since the screen program began. These question include, but are not limited to:

6
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1) Do automatic screen cleaning systems work under all conditions? What is the timing
that is most beneficial to screen proficiency and aquatic organisms7
2) Can s~reens remain submerged underwater indefinitely without running the cleaning
system? Is it necessary to occasionally purge the screen during the off-season? Must the
screens be removed from the river occasionally, if so, how often7 How can this be done as
easily and as inexpensivdy as possible?
3) Is the hydraulic flow field surrounding the fish screen within the standards that will
protect immature fish fi’om impingement?
4) Are certain screen designs more suited to particular site conditions than other screen
options7
5) Is current technology the best available solution to the fish protection problem7 How
can we improve on designs to increase efficiency, and reduce costs7
6) Are fish screen components and systems working correctly and consistently?
7) Are subsurface screen components subject to damage by large debris, dogging by fine
sediment, and alea growth on screen surface? If so, how can be these problem be dealt
with economically and efficiently?

Implementability:
Preliminary investigation has found wide-spread support for this project among participating
landowners, and agency personnel. There are no expected permits that will be needed for this
project. Skilled personnel will be hired, and consultation with agencies and landowners will take
place before the dives take begin.

Costs and Schedule:
Operation Direct Direct Overhead Service Material 1Mh¢~ , Total Crate
Monitoring Labor Salary and Labor Contracts and And

Hours Benefits (General Acquisition Other
Admln & Contracts Direct
Fees) Costs

Mechanical
Inspection
Year I 72 $16,200.00 $1,548.75 $10,200.24 527,948.99
Year2 112 $25,200.00 $1,700.00 $15,400.00 $42~300.00
Year 3 192 $43,200.00 $3,000.00 $26,400.00 $72,600.00

Hydraulic
Inspection
Year I 72 $16,200.00 $1,548.75 $10,200.24 $27,948.99
Year2 112 $25,200.00 $1,700.00 $15,400.00 $42~00.00
Year 3 192 $43~00.00 $3,000,00 $26,400.00 $72,600.00

This is a three year program. This will allow for the development era comprehensive base for the
evaluation of screens in the Sacramento River. As the program expands it is expected to encompass
a variety of new circumstances, and will allow developing a criteria for screen applications. The
three year staging will allow for multiple year funding.

All worker’s compensation, and liability insurance will be supplied by sub-contractors.
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Sacramento River Small Diversion Fish Screen
Evaluation Project

July 2,1998

Year One Year Two Year Three

Boat rental J$ 5,400.00 $ 8,400.00 $ 14,400.00
Diver 1 $ 16,200.00 $ 25,200.00 $ 43,200.00
Diver 2 (Specially trained by NMFS) $ 18,200.00 $ 25,200.00 $ 43,200.00
Equipment Rental ( SonTek ADV Sonic $ 15,000.48 $ 22,400.00 $ 38,400.00
Device - Includes Technical Suppod)
Travel $ 697.50
Total Direct Costs $ 53,497.98 $ 81,200.00 $139,200.00

General Administration
Sslades (includes SSI, workers comp. & $ 2,400.00 $ 3,400.00 $ 6,000.00
benefits)
Total Indirect costs $ 2,400.00 $ 3,400.00 $ 6,000.00

Total Project cost $ 55,897.98 $ 84,600.00 $145,200.00

*All telephone, paper, and postage will be in-kind contributions, or covered unde~ the
supporting contributions.
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Schedule Milestones:
The work on this project will begin between April and June of each year, depending on water, and
weather conditions. It is expected to be completed by the end of June. After each testing period, the
data will be disseminated to all interested agency personnel for complete analysis. A long term data
base will be kept in the FWA office for additional inspection. Payments will be due upon the
completion of the project in ~’une.

Third Party Impacts:
Third party impacts are expected to include:
Increased fishing opportunities along the fiver.
Guaranteed water supply for farmers.
Increased support from the farming community for the screening program, and increased knowledge
about small fish screens and their application.

Applicant Qualifications:
Family Water Alliance
Project Coordinator
As the program coordinator for the Small Diversion Fish Screen Program, Family Water Alliance is
aware of the intricacies of the fish screen process, and has already established a working relationship
with the agency personnel and the diversion owners.

Family Water Alliance will be responsible for coordinating dive team, notifying landowners, and
disseminating information. Family Water Alliance also anticipates active role in the development of
database, and evaluation criteria.

Davis Machine Short. Inc.
Marshall, Clii~on and Tom Davis
Owners, and Operators
Over 40 years experience in irrigation pump installation.
Installed two fish screens in fall of 1997
Graduate: Cal Poly, Ag-Engineer
Davis Machine will be responsible for the hydraulic readings, equipment rental, and river navigation.
Their experience with irrigation pumps and fish screen installation will contribute to the development
of this monitoring project.

Technical support, and a portion of the equipment rental will be supplied by an employee of Family
Water Alliance.

North American Divine Comnanv
Dave C. Maze, Owner
Mr. Maze has over twenty years experience diving the Sacramento River. He also is an electrical
contractor, Lic.#522273, and has a background in machine technology, which adds to his expertise
in the practical application of hydro-mechanical devices.

The second diver will also be coming from North American Diving Company. The second diver has
over eighteen years of diving experience in the Sacramento River, and has worked with Mr. Maze on

8
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mechanical maintenance jobs.

Technical Support & Peer Review:

National Marine Fisheries Service: Richard Wantuck, Hydraulic Engineer, Team Leader, NMFS
l~egional Fish Passage Team

Natural l~.esources Conservation Service: Loren Schilder, Engineer & Tim Viel, Fisheries Biologist

California Department offish & Game, Phil Warner, Region 1 CDF&G.

California Department offish and Game, Fish Screen l~eview Panel

9
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ADPSpecs Page I of 2

ADV SPECIFICATIOI 
To Print this page from your browser, click

OADV Applieations OADV Prineiples of Ol~

Physical Parameters Stare

Lab Model:

¯ Acoustic frequency: IOMHz
¯ Velocity range: Programmable to ±3, 10, 30, ¯ Uses a desktop F

100 or 250cm/s ¯ Sensor is mount~
¯ Velocity resolution: O.lmm/s ¯ Standard cable h
¯ Velocity bias:-~l%,~:0.25cm/s *
¯ Random noise: Approximately 1% of velocityField Model:

range at 25Hz*
¯ Sampling rate: Selectable from 0.1 to 25Hz
¯ Sampling volume: less than 0.2cm3

¯ Uses a self-cont~¯ Distance to sampling volume: 5 or 10cm splash-proof or [¯ Minimum water depth: 2-3cm for side-looking ¯ Sensor is mount~
5cm 2-D probe, 6cm for 5cm 3-D probes. 12cm
for 10cm probes.

¯ Standard cable h

¯ Minimum distance from sampling volume to
boundary: 1~

¯ Maximum deployment depth: 30m

Enwironmental
¯ Analog outputs
¯ Saltwater deploy

3perating Temperature: ¯ Internal reoordet
¯ Integral batteries,
¯ Pressure sensor !¯ Probe: -2° to 40° C ¯ Temperature senElectronics: -5° to 45°C

compensation
¯ Compass/flit sen

Storage Temperature: (East-North-Up)
¯ A variety of pro|

¯ Probe: -10° to 50° C
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ADPSPecs Page 2 of 2

Electronics: =20° t~ 60°C Serial Comrr
for F

Dperating Pressure:

¯ RS232 - Single :
¯ 30m cables (to 100m~

¯ RS422- Single :
PO, wer (Field Sv~em~ (to 1500m)

Power Supply:
¯ RS485 - Mulfipl

single power ant
cable lengths to

¯ 12-24 Volt DC *Velocity specification
Laboratory simulations

Power Consumption: meters, Test results are

¯ Approximately 2.5-4W operating, less than
lmW in sleep mode.

(SonTek Home) (Pr~_L,~_�_~ ~ (~ (]~0

Back to Top
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ADV Principles of Operation Page I of 6

ADV PRINCIPLES OF OPERATION

.’~AD.__y_v .":~AD.__.y_V . : Back t.~q.o
Applications Specifications Products

Contents:

1 - Introduction
2 - The Doppler Shift and Bistatic Current Meters
3 - Beam Geomel~y and 3D Velocity Measurements
4 - Sampling Volume Definition
5 - ADV Data
5.1 - Velocity
5.2 - Signal Strength
5.3 - CQrrelation Coefficient
6 - ADV Probe Configurations
7 - Near Boundary Measurements
8 - Low Flow Measurements

1 - Introduction

The SonTek ADV is a single point, high resolution, 3D Doppler current meter. ADV
Doppler processing techniques provide a number of important advantages: 3D velocity
measurements in a remote sampling volume; invariant factory calibration (no periodic
re-calibration required); simple operation; direct calculation of turbulent parameters
such as Reynolds stress; and excellent low flow performance. This document presents
the basic operating principles of the SonTek ADV. To learn more about specific ADV
configuratiom and applications, please contact SonTek directly.

2- The Doppler Shift and Bistatic Current Meters

The ADV measures the velocity of water using a physical principle called the Doppler
effect. Ifa source of sound is moving relative to the receiver, the frequency of the
sound at the receiver is shifted fi’om the Ir, msmit frequency.

Fdoppler = -F~o~rc~ ( V / C )

In this equation, V is the relative velocity between source and receiver, C is the speed
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ADV Principles of Operation Page 2 of 6

of sound, Fdoppler JS the change in frequency at the receiver, and F~ is the
transmitted frequency.

Acoma~ Ac~u~ic Acoma~,: ttcou~ A~o~,:

’",,\ i ".,.i ’,., ’.

Figure I - Bistatic Doppler Current Meter

Figure I illustrates the operation ofa bistatic Doppler current meter such as the ADV
(bistatic systems use s~parate acoustic transducers for transmitter and receiver). Both
transmitter and receiver are constructed to gen~rat~ very narrow beam patterns; the
transmitter generates sound with the majority of the energy conc~ntra~d in a narrow
cone and the receiver is sensitive to sound coming from a narrow angular range. The
transducers are mounted such that their beams in~rsect at a volume of water located
some distance away; the beam intersection determines the location of the sampling
volume (the volume of water in which measur~nents are made).

The transmitter generates a short pulse of sound at a known frequency, which
propagates through the water along the axis of its beam. As the pulse passes through
the sampling volume, the acoustic energy is reflected in all directions by particulat~
matter (sediment, small organisms, bubbles, etc.). Some portion of the reflected energy
travels back along the receiver axis, where it is sampled by the ADV and the
processing electronics measure the change in f~quency. The Doppler shift measured
by one receiver is proportional to the velocity of the particles along the bistatic axis of
the receiver and transmitter. The bistatic axis is located halfway betw~n the center
axes of the transmit and receive beams.

3- Beam Geometry and 3D Velocily Measurements

Each transmitterlreceiver pair measures the projection of the water velocity onto its
bistatic axis. The ADV uses one transmitter and two or thr~ acoustic receivers (for 2D
or 3D probes); the receivers are aligne4 to intersect with the transmit b~am pattern at a
common sampling volume. The velocity measured by each receiver is referred to as the
bistatic velocity, and is the projection of the 3D velocity vector onto the bistatic axis of
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ADV Principles of Operation Pag~ 3 of 6

the acoustic receiver. Bistatic velocities are converted by the ADV to XYZ (Cartesian)
velocities using the probe geometry. XYZ velocities give the 3D velocity field relative
to the orientation of the ADV probe. As it is not always possible to conlrol instrument
orientation, the ADV can be equipped with an internal compass and tilt sensor. The
compass/tilt sensor allows the ADV to report velocity data in an Earth (East-North-Up
or ENU) coordinate system, independent of probe orientation.

4 - Sampling Volume Definition

The location of the sampling volume is determined by the physical construction of the
probe, and can be either 5 or 10 cm from the tip ofthe probe. The size of the ADV
sampling volume is determined by the sampling configuration used. The standard
sampling volume is a cylinder with a diameter of 6 mm and a height of 9 ram. For
specialized high resolution applications, the height of the sampling volume can be
reduced to as little as 1.2 mm with only software modifications.

5 - ADV Data

The ADV records nine values with each sample: three velocity values (one for each
component), three signal strength values (one for each receiver), and three correlation
values (one for each receiver). Naturally, the velocity data are of foremost interest;
signal strength and correlation are used primarily to determine the quality and accuracy
of ADV velocity dam.

5.1 - Velocity

ADV velocity data can be reported in XYZ (Cartesian) coordinates relative to probe
orientation or Earth (East-North-Up or ENU) coordinates for systems using the
optional compass/tilt sensor. The velocity data output by the ADV can be used directly
without post processing; the calibration will not change unless the probe has been
physically damaged.

One of the most important ADV operating parameters is the velocity range setting.
This determines the maximum velocity that can be measured by the instrument;
standard settings are + 3, ± 10, 4- 30, 4- 100, and + 250 cm/s. The user should select the
lowest velocity range setting that w’dl cover the maximum velocity expected in a given
experiment. Instrument noise in velocity data is proportional to the velocity range
setting; higher velocity ranges have higher noise levels. The typical noise level in good
operating conditions is 1% of the velocity range when outputting data at 25 Hz (i.e.
each sample is 4- 1 cm/s when using the 4- 100 cm/s velocity range and a sampling rate
of 25 I/z).

The ADV is designed to measure velocity as rapidly as possible. A single estimate of
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the 3D velocity field is referred to as a ping; the ADV pings 200-250 times per second.
The noise in a single ping is too high for practical use, so the ADV averages a number
of pings before outputting a velocity sample. The number of pings averaged is set to
meet the user specified sampling rate within the range of 0.1 to 25 Hz. For example,
when sampling at 25 Hz the ADV will collect as many pings as possible over a 40 ms
period and output the average as one sample. An important result of the ADV sampling
scheme is that reducing the sampl’mg rate decreases the noise in each sample (by
increasing the number of pings averaged per sample).

5.2 Signal Strength

Signal strength, recorded for each ADV receiver, is a measure of the intensity of the
reflected acoustic signal. The primary function of signal strength data is to verify that
there is sufficient particulate matter in the water. If the water is too clear, the return
signal may not be stronger than the ambient electronics noise level. Without sufficient
signal strength, the ADV is unable to make accurate velocity measurements. In general,
the ADV requires a minimal amount of scattering material (typically 10 mg/L) for
excellent operation.

Since the return signal is a function of the amount and type of particulate matter in the
water, signal strength values can be used as an indicator of sediment concentration.
While ADV signal strength data cannot be directly converted to sediment
concentration, it does provide an excellent qualitative picture of sediment fluctuations.
With proper calibration, signal strength data can be used for reasonably accurate
estimates of sediment concenlration.

5.3 Correlaffon Coefficient

The ADV correlation coefficient is a data quality parameter that is a direct output of
the Doppler velocity calculations. The ADV computes three correlation values (one for
each acoustic receiver). Correlation is expressed as a percentage: perfect correlation of
100% indicates reliable, low noise velocity measurements; 0% correlation indicates
that the output velocity value is dominated by noise (no coherent signal).

Ideally, correlation should be between 70 and 100%. Values below 70% indicate that
the ADV is operating in a difficult measurement regime, the probe is out of the water,
the SNR is too low, or that something may be wrong with the ADV. In some
environments (highly turbulent flow, highly aerated water), it may not be possible to
achieve high correlation values. Low correlation values will affect the short-term
variability in velocity data (i.e. increase the noise), but will not bias the mean velocity
measurements. For mean velocity measurements, correlation values as low as 40% can
be used.
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6 - ADV Probe ConfiguraSons

The ADV probe is available in several configurations for different measurement needs.
These variations are divided into four areas: location of the sampling volume, acoustic
sensor mounting, sensor orientation, and coordinate resolution. Probes can be
constructed with almost any combination of these configurations.

1. Sampling volume location The sampling volume can be located either 5 or 10 cm
from the tip of the acoustic sensor. The 5 cm sensor can be used in shallower
water, and gives a stronger return signal by about 6 dB; the 10 cm sensor has less
potential for flow interference.

2. Sensor mounting The sensor can be mounted on a 25 or 40 cm long stainless steel
stem, or a 100 cm flexible cable. The 40 cm stem is used in laboratory
applications to reduce the amount of equipment in the water. The 25 em stem is
used in field applications where a more rugged stem is required. The 100 em
cable allows increased flexibility in the sensor orientation, but requires more
complicated mounting arrangements.

3. Sensor orientation The ADV acoustic sensor can be oriented looking down, to the
side, or up. Down is most common as it allows for easy mounting and
measurements close to the bottom boundary. Side looking is typically used in
wave tanks with the sensor mounted looking across the dkection of propagation,
reducing the chance of flow interference. Up looking is typically used for
measurements near the surface, under a layer of ice, or near the bottom of a
vessel or structure.

4. Coordinate resolution The ADV can be built to measure either 2D or 3D fluid
flow, using 2 or 3 acoustic receivers respectively. 3D is the most common
configuration; 2D is most commonly used for very shallow water (minimum 3
crn) with a side looking sensor, or very narrow channels using a down looking
sensor.

7- Near Boundary M~suroments

Because of the remote 3D velocity measurements, the ADV is extremely well suited to
flow studies in boundary layers. The ADV can be used for detailed boundary layer
studies and direct measurement of turbulent parmneters such as Reynolds stress.
Additionally, the ADV automatically measures and records the distance to the
boundary at the start of each data collection cycle (the boundary measurement can be
made when the sampling volume is between 2 and 25 cm from the boundary).

Under good operating conditions, the leading edge of the sampling volume can be
placed within about 0.5 mm of a boundary. The vertical extent of the sampling volume
is precisely def’med; thus this leading edge can be placed very close to a boundary
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without interference. Using the reduced sampling volume size mentioned earlier, with a
minimum height of 1.2 ram, allows the user to make detailed flow measurements
within a few millimeters of a boundary.

8 - Low Flow Measurements

One significant advantage of the ADV is that there is no minimum measurable
velocity, with no potential for a zero offset or zero drift. The lowest ADV velocity
range, :t: 3 cm/s, will yield good results for flows down to about 0.1 cm/s. If working in
an environment with extremely low flows, the ADV software can be modified to use
lower velocity ranges to further improve performance. The ADV has been used to
measure calibrated flows as low as 0.04 cm/s and has shown excellent performance at
even lower levels where no reference is available.

Back to Top
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NONDISCRIMINATION COMPLIANCE STATF..MENT                    ITEM 7

The company named above (hereinafter referred to as."prospective contractor") hereby certifies, unless
speckFically exempted, compliance with Government Code Section 12990 (a-f) and CaJ.i.fora~a Code of
Reg~.dations, Title 2, Division 4, Chapter 5 in matters relalb~g to reporting, requirements and the
development, implementation and maint~nanc~ of a Nondiscrimination Prog~tn. Prospective contractor
a~.es not to unlawfully discriminate, harass or allow harassment against any employee or applicant for
employment because of sex, race, color, ancestry, religious creed, national origin, disability (including
HIV and AIDS), medical condition (cancer), age, marital status, denial of family and medical care leave

and denial of pregnancy disability leave.

CERTIFICATION

I, the offtcial nar~d below, hereby swear that I am duly atalwrized �o legally bind the pmspectDe
contractor to the above desc~bed certification. I am fully aware that this cera’fica~or~ executed on the

date and in the county below, is made un~e. r penalty of pe~ury under the laws of the State of Califom~
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ITEM 2 (1 of 2.)

Agreement No.~

Exhibit ~

STANDARD CLAUSES~ SERVICE & CONSULTANT SERVICE CONTRACTS FOR $5,000 & OVER WITH NONPUBLIC ENTITIES

WorkeR’ Compensation Clause, Contractor affirms that it is aware of the provisions of Section 3700 of the California Labor Code
which require every employer to be insured against liability for workers’ compensation or to undertake self insurance in accordance
with the provisions of that Code, and Contractor affirms that It will comply with such provisions before commencing the performance of
the work under this contract.
Claims Dispute Clause. Any claim that Contractor may have regarding the performance of this agreement including, but not limited to,
claims for additional compensation or extension of time, shall be submitted to the Director, Department of Water Resources, within
thirty days of its accrual. State and Contractor shall then attempt to negotiate a resolution of such claim and process an amendment to
this agreement to implement the terms of any such resolution.

National Labor Rela6ons Board Clause. In accordance with Public Contract Code Section 10296, Contractor declares under penalty
of perjury that no more than one final, unappealable finding of contempt of court by s federal court has been issued against the
Contractor within the immediately preceding two-year period because of Contractor’s failure to comply with an order of a federal court
which orders Contractor to comply with an order of the National Labor Relations Board.

Nondiscrimination Clause. During the performance of this contract, the recipient, contractor and its subcontractors shall not deny the
contract’s benefits to any person on the basis of religion, color, ethnic group identification, sex, age, physical or mental disability, nor
shall they discriminate unlawfully against any employee or applicant for employment because of race, religion, �olor, national origin,
ancestry, physical handicap, mental disability, medical condition, marital status, age (over 40), or sex. Contractor ahalt insure that the
evaluation end treatment of employees and applicants for employment ere free of such discrimination. Contractor shall comply with the
provisions of the Fair Employment and Housing Act (Government Code Section 12900 st ssq.), the regulations promulgated
thereunder (California Administrative Code, Title 2, Sections 7285.0 et seq.), the provisions of Article 9.5, Chapter "~, Part 1, Division 3,
Title 2 of the Government Code (Government Code Sections 11135 - 11139.5), and the regulations or standards adopted by the
awarding State agency to implement such article. Contractor or recipient shall permit access by representatives of the Department of
Fair Employment and Housing and the Awarding State agency upon reasonable notice st any time during the normal business hours,
but in no case less than 24 hours notice, to such of its books, record=, accounts, other sources of information and its fadlities as said
Department or Agency shall require to ascertain compliance with this clause. Recipient, contractor and its subcontractors shell give
written notice of their obligations under this clause to labor organizations with which they have a collective bargaining or other
agreement. The Contractor shall include the nondiscrimination and compliance provisions of this clause in ell subcontracts to perform
work under the contract.

Statement of Compliance, The contractor’s signature affixed hereon and dated shall constitute a certification under penalty of perjury
under the laws of the State of California that the Contractor has, unless exempted~ .complied with the nondiscrimination program
requirements of Government Code Section 12990 and Title 2, California Code of Regulations, Section 8103.

Performance Evaluation. Contractor’s performance under this contract will be evaluated after completion. The evaluation Will be flied
with the Department of General Services.

Availability of Funds. Work to be performed under this contract is subject to availability of funds through the State’s non,el budget
process.

Audit Clause. The contracting parties shall be subject to the examination and audit of the Auditor General for e period of three years
after final payment under the contract. (Government Code Section f0532).

Reimbursement Claude, If applicable, travel and per diem expenses to be reimbursed under this contract shall be et the same rates
the State provides for unrepresented employees in accordance with the provisions of Title 2, Chapter 3, of the California Coda of
Regulations. Contractor’s designated headquarters for the purpose of computing such expenses shall be:
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Oru~oFr~e Workplac~ C~r~tficatlon. ~y ~n~ ~hl~ ~n~mcL ~h~ c~n~ra~or ~r ~rant~ h~r~by ~R~ un~r p~n~l~ of ~rju~ under
the f~w~ of th~ ~tat~ ~ ~al~forn~a that the cont~ctor or ~r~ntee w[}l comply w~th ~h~ r~o~r~n{~ of ~ D~-,~ W~rk~l~c~ A~ of
19~0 (Government Code Se~on 8350 et seq,) and wilt provide a drug fr~e wc~t~ by taking ~e following a~ion=:

1. Publish a s~tement no~ing employees ~at unta~ manuf~ure, d~stdb~lon, di~pensa~ion, pos~=sion, or use of a
controlled substance ~= prohibited and speci~Ing a=ions to be taken against employees for viola~on=, as required by
Government Code Se=ion 8355(a),

2. Establish a Drug-Free Awareness Program as required by Government Code Se=~on 8355(b), to info~ employs= of all of
the following:

(a) The dangers of drag abuse in the workpla~,
(b) The person’s or organization’s pofi~ of maintaining a d~g-free workpla~,
(c) Any available counseling, rehabilitation and employee asslstan~ programs, and
(d) Penalties that may be imposed upon employee~ for d~g abuse violations.

3. Provide, as require� by Government Code Se~lon 8355(c),, that eve~ employee who wo~= on ~e proposed �ontra~ or
grant:

(a) ~1~ re~iw a copy of the comp~ny’~ drug-fre~ po~i~ ~talement, ~nd
(b) ~ll agree to abide by the terms of the company’s statement a= a ~ndition of employment on the ~ntra= or

. grant.

Failure to comply with these requirements may resuJt in suspension of payments under the contra~ or term{nat~on of ~e contra= or
bo~ and ~e contra~or or grantee may be ineligible for award of any future ~ntra~s ~ the depa~ment ~etermines that any of the
following has ~curred: (1) the ~ntra~or or grantee has made false ce~ficatJon, or,~2} violates ~e ceRiS~t[on by fli(i~g to ~rw out
the requirements as noted above.

Pdori~ Hiring Conllde~tlon=. For contra~s In ex~s= of $200,000r the ~ntractor shall g~e pdorlty consideration In filling
va~ndes in positions ~nded by the contra~ to qualified recipients of aid u~der Welfare and ~nstitutions Code Se~ion 11200. (Public
Contra~ Code Se=lon 10353),

--008265
1-008265



ITEM I0

A~’reemen~ No.

Exhibit
NONCOLLUSION AFFIDAVIT TO BE EXECUTED BY
BIDDER AND SUBMITTED WITH BID FOR PUBLIC WORKS

STATE OF CALIFORNIA

COUNTYOF CO

A

says that he or she is , of

~e bidder)

the party making the foregoing bid that the bid ~s not made ~n the interest of. or on
behalf ol any undisclosed person, p~rtnership, company, ~ssoc~a~ion, organization,
or cor~ration; that the bid is genuine and no~ collusive or sham: that the bidder
h~ not directly or indirectly induced or solici:ed any other bidder to put in R false
sham bid, and h~ not directly or indirectly colluded, conspired, connived, or agreed
with any bidder or anyone else to put in a sham b~d, or that anyone shall refrain from
bidding; that the bidder has not in any manner, directly or indirectly, sought by
agreement, communication, or conference with anyone to fix the bid price of the
bidder or any other ~dder, or to fix any overhead, profit, or cost element o~ the bid
price, or of that of any other bidder, or ~ secure any advantage against the public
~dy awarding the contract of anyone interested in the proposed contract; that all
sta~men~ contained in the bid are true; and, further, that the bidder has not,
dir~t~y or indirectly, submitted his or her bid price or any breakdown thereof, or the
conten~ thereof, or divulged information or data relative thereto, or p~id, and will
not pay, any fee ~ any corporation, partnership, company, association, organization,
bid deposi~ry, or to any member or agent ~hereof to effectuate a collusive or
sham bid.

~     ~ " ’~ ~     (~onsi~m    rbidder)

Subscribed and sworn ~ before me on
I~ ~#11~ June 30, 1998

- - - . ~ot~ry Public)
(No~rial Seal)
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